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Abstract: Dopaminergic medications are used as first-line treatment for Parkinson’s disease (PD). In 1999, a
case series was published describing 9 patients who took dopamine agonists (pramipexole or ropinirole) and
experienced sudden irresistible sleep attacks. Sleep attacks have subsequently been reported with other
dopaminergic medications, including levodopa. Because these symptoms might not be rare and can affect
health-related quality of life, we set out to review the prevalence and clinical characteristics of sleep attacks
in patients with PD on dopaminergic medications. We conducted a systematic literature review using the
terms parkinson* AND dopamine* AND narcolep* OR sleep attack in multiple databases (PubMed, Embase,
and PsycINFO). The systematic literature review yielded 23 relevant articles, including nine case reports or
case series and 14 original studies. According to the pooled data from the five studies reporting prevalence
figures (n =10,084), sleep attacks occur in 13.0% of patients with PD on dopaminergic medications. Our
analysis failed to show significant differences in the Epworth Sleepiness scores between patients with and
without sleep attacks (mean difference: 2.92; 95% confidence interval: —0.47-6.31). The I value of 76%
indicated high heterogeneity among the studies. Sleep attacks are not a rare occurrence in patients with PD
on dopamine agonist treatment. We found conflicting results on whether sleep attacks in PD resemble
narcolepsy. The pathophysiology of these symptoms might be related to dopamine D2 and D4 receptor gene
polymorphisms. The most effective management strategies were dose reduction and discontinuation of the
offending drugs.

The progressive loss of neurons of the SN in patients with
Parkinson’s disease (PD) is known to result in clinically relevant
depletion of dopamine in the caudate nucleus and putamen.'
Dopaminergic medications are therefore considered as first-line
pharmacotherapy, especially nonergot dopamine agonists (prami-

2

pexole, ropinirole, and rotigotine).” Over the last few years,
there has been increased research interest for the nonmotor
symptoms in patients with PD, as well as their relationship with
dopaminergic treatment. Frucht et al.® first described a case series
of 9 patients who took pramipexole or ropinirole and experi-
enced sudden irresistible sleep attacks causing motor accidents.
Subsequently, sleep attacks have been reported with other dopa-
minergic medications and a direct causal link has been postu-
lated.*® Sleep attacks are defined as clinical events characterized

by overwhelming sleepiness either without warning or with slow

prodrome drowsiness.” It is controversial whether sleep attacks
represent side effects of dopaminergic medications, because
researchers pointed out that temporal association and dose-effect
relationship have not consistently been reported, and sleep
attacks can also occur in patients with PD who are not on
dopamine agonists.® In fact, although patients on dopaminergic
medications are warned to exercise caution when driving and
operating machinery, available data are insufficient to warrant a
driving ban.

Sleep disorders in the context of PD have been widely inves-
tigated over the last few years; however, little attention has been
paid to the relationship between sleep attacks and dopaminergic
medications. A review published in 2002 showed that 6.6% of
patients taking dopamine agonists had sleep events, including
an unspecified proportion of sleep attacks.> The first aim of the
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present review was to provide an estimate of the prevalence of
sleep attacks among patients with PD on dopaminergic medica-
tions. Our second aim was to identify studies focusing on the
pathophysiology and clinical presentation (including risk factors)
of sleep attacks in patients with PD. Last, we set out to evalu-
ate the available evidence on the assessment and management
strategies.

Materials and Methods

We conducted a systematic literature search according to the
principles developed by the PRISMA guidelines,” using the
terms parkinson®* AND dopamine* AND narcolep* OR sleep
attack in multiple scientific databases (PubMed, Embase, and
PsycINFO). We limited our search to articles published in the
English language since the first report of sleep attacks in patients
with PD (1999). This search yielded a total of 137 documents,
as shown in Figure 1.

The titles and abstracts were examined for all documents
and duplicate articles were excluded. Clinical entities described

»

as “irresistible daytime sleepiness,” “sudden omnset of sleep,”
“narcolepsy-like” attacks were included as alternative descrip-
tions of sleep attacks in the context of PD. Additional articles
were retrieved from the bibliographies of the relevant articles
and hand searches of relevant journals, including Brain, Movement
Disorders, Neurology, Annals of Neurology, Parkinson’s Disease, and
Parkinsonism & Related Disorders. The eligibility criteria applied to
the study selection process are shown in Table 1.

Data were extracted directly from the published articles, and
only absolute measures were included in this review. Extracted

Identification

137 records identified
through data base searching

TABLE 1 PICOS statement for the systematic literature search

P Human subjects with PD and sleep attacks

| Dopaminergic medications

C Placebo or any other comparators

o Prevalence, pathophysiology, clinical characteristics,

investigations, management
S Case reports, case series, cohort studies, case-control
studies, randomized, controlled trials

PICOS, Participants, Intervention, Comparator, Outcome, Study
Design.

data were sufficient to conduct a meta-analysis with forest plot
and random eftect model on studies that reported the Epworth
Sleepiness (ES) score among patients with PD taking dopami-
nergic medications and experiencing sleep attacks. All statistical
analyses were performed using Review Manager 5 (Version
5.0.21; The Nordic Cochrane Center, The Cochrane Collabo-
ration, Copenhagen, Denmark). A funnel plot was used to
check for publication bias. A count of the number of studies
with significant and nonsignificant findings was done to check

for publication bias among the original studies included.

Results

From the retrieved documents, 23 full-text articles were
included in this systematic review. Table 2 presents the findings
of nine case reports or case series, whereas Table 3 summarizes
the results of 14 original studies.

Table 4 summarizes the findings of the five studies that
reported on the prevalence of sleep attacks among patients with

PD on dopaminergic medications.

6 additional records identified
through other sources

Screening

[143 records screened

Eligibility

27 records excluded

116 full-text articles
assessed for eligibility

Included
23 of the articles included in
the qualitative analysis

6 studies included in
quantitative synthesis

3 studies included in meta-
analysis

93 articles did not meet the
PICQOS criteria (Table 1)

Figure 1 Flow chart illustrating the study selection process for the systematic literature review. PICOS, Participants, Intervention,

Comparator, Outcome, Study Design.
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Sleep Attacks in Parkinson’s Disease

The overall prevalence of sleep attacks was estimated to be
4.8%. As shown in Figure 2, meta-analysis on ES scores failed
to show a significant difference between patients with PD on

Significant
Finding
Yes

Yes

Yes

Yes

dopamine agonists with and without sleep attacks (2.92; 95%
confidence interval (CI): —0.47—-6.31).
The 1% value of 76% indicated high heterogeneity among

States

the studies. The symmetry of the funnel plot suggested nonsig-

Country
Germany
Germany
Germany
Japan
United

nificant publication bias on the studies that reported ES scores
(Fig. 3).

Of the 14 original studies included in the present review, 11
showed significant findings, suggesting a possible publication
bias (Table 3).

Discussion

Opver the last few years, there has been increasing interest in the
nonmotor aspects of PD,® with particular attention to the

. 9,10
behavioral symptoms.”™

Within the literature focusing on sleep
disturbances in the context of PD,"""? relatively little research
has been conducted on sleep attacks since their first description
in patients with PD on dopaminergic medication in 1999. We
conducted the first systematic literature review on this topic and
found that, according to the available evidence, these symptoms
are not rare, with a prevalence of 13.0%. Moreover, sleep
attacks in patients with PD on dopaminergic medication have
been reported in different countries, including the United
States, Germany, France, United Kingdom, Italy, Japan,
Canada, and Spain, and do not appear to be limited to the use

significantly increased CSF-orexin levels and completely resolved

sleep attacks in the 4 patients with PD.
Narcolepsy rate (0.26%) was 5 times higher than expected (0.05%).

no significant association between the dopamine D3 and D4

receptor genes
Significant association between the variant allele T of (-909T/C)

The 3 patients had treatment with amphetamine before the

polymorphism, Taq IA, and sudden onset of sleep in PD;
diagnosis of PD.

preprohypocretin polymorphism and SOS in PD
Switching treatment to pergolide (selective dopamine D1/D2 agonist)

Significant association between the dopamine D2 receptor gene
No significant difference of sleep latency between the two groups

Relevant Findings

of any particular class of dopaminergic agents. However, sleep
attacks seem to be most prevalent in patients taking levodopa
and multiple dopamine agonists (9.2%), followed by r-dopa and
a single-dopamine agonist (7.3%), dopamine agonists alone
(5.3%), and L-dopa alone (2.9%)." Among dopamine agonists,
sleep attacks were most prevalent with the use of pramipexole
(50%), followed by ropinirole (23.1%) and pergolide (15.4%)."*

This finding would be in line with the previously reported
15,16

and D4 receptor gene

polymorphisms
Polymerase chain reaction

protocols or direct
samples of spinal CSF

dopamine D2, D3,
sequencing

specific activity profile of pramipexole.

Association study on
Levels of orexin in
Medical records review

Methods
MSL test

The reviewed literature clearly shows that dopaminergic
drugs may increase sleepiness in patients with PD, in line with
the known roles of dopamine neurotransmission and in sleep
modulation. Dopamine-containing neurons involved in the reg-
ulation of sleep and waking arise in the ventral tegmental area
and the SNc. These structures are strongly interconnected with
the dorsal raphe nucleus, the pedunculo-pontine and laterodor-
sal tegmental nuclei, the locus coeruleus, the lateral and poster-
ior hypothalamus, the basal forebrain, and the thalamus.
Different dopamine receptors have been shown to play specific
roles in sleep modulation, because agents with D1 or D2 recep-

tor- blocking properties increase non-REM (rapid eye move-

patients with PD without SOS matched
per use of dopamine agonists, disease

duration, sex, and age
132 patients with PD and SOS and 132

patients with PD without SOS matched
per use of dopamine agonists, disease

duration, sex, and age
10 patients with PD and sleep attacks

matched with 10 patients with PD
without any daytime sleepiness,
matched to dopaminergic medications
25 patients with PD, including 9 with
excessive daytime sleepiness and
4 with sleep attacks
3 patients (on L-dopa) with a prior
diagnosis of narcolepsy from a registry
of 1152 consecutive patients with PD

Participants

ment) sleep and decrease wakefulness, whereas D3 receptor

137 patients with PD and SOS and 137

agonists induce somnolence and sleep in both laboratory animals
and humans.'” Although some studies have linked excessive
daytime sleepiness to the peak dose of dopamine and to the
resulting autonomic imbalance, namely, hypotension,'® it is still

et al.2®
et al.?*

Study
Rissling
Rissling
Moller et al.%®
Asai et al.3®
Christine

et al®

controversial whether or not sedation occurs at the peak of the

IDS, irresistible daytime sleepiness; MSL, multiple sleep latency; SOS, sudden onset of sleep.

TABLE 3 (Continued)

2y

effect of the dopaminergic drugs.®

19
Moreover, there are several
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TABLE 4 Studies reporting the prevalence of sleep attacks among patients with PD on dopaminergic medications

Study Number of Number of Patients Percentage Number of Patients Percentage of Patients
Patients in With Possible With Possible on Dopaminergic on Dopaminergic
the Study “Sleep Attacks” “Sleep Attacks” Medications Medications

Hobson et al.®® 420 16 3.8 338 80.5

Paus et al.* 2,952 177 6.0 2,878 97.5

Schlesinger and Ravin' 70 24 343 70 100.0

Manni et al.* 22 7 31.8 22 100.0

Korner et al.?? 6,620 1,083 16.4 6,421 97.0

Total 10,084 1,307 13.0 9,729 96.5

Sleep attack
Study or Subgroup Mean SD Total

Non-sleep attack
Mean SD Total Weight

Mean Difference
IV, Random, 95% ClI

Mean Difference
IV, Random, 95% ClI

Arnulf et al. 2002 14 4 21 14 4 33 383%  0.00[2.19,2.19]
Hobson etal. 2002 104 4.8 16 65 3.6 404 372%  3.90 [1.52, 6.28] —a—
Manni et al. 2004 143 37 3 83 45 19 245%  6.00[1.35, 10.65] —
Total (95% ClI) 40 456 100.0%  2.92[-0.47, 6.31]

Heterogeneity: Tau? = 6.58; Chi?=8.41,df =2 (P =0.01); I2=76%
Test for overall effect: Z = 1.69 (P = 0.09)

I } 1 I

40 5 0_ 5 _10
Not favour ES scale Favours ES scale

Figure 2 Forest plot of the studies reporting ES scores. SD, standard deviation.
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Figure 3 Funnel plot of the studies reporting ES scores.

reports suggesting that excessive daytime sleepiness in PD is a
multifactorial phenomenon, linked to the degenerative process
itself.

When sleep attacks were first reported in patients with PD, a
pathophysiological mechanism was proposed whereby dopami-
nergic medications increase the amount of central dopamine,
resulting in down-regulation of the dopaminergic input to the
reticular activating system and development of sleep attacks.”
One genetic study showed a significant association between the
dopamine D2 receptor gene polymorphism, Taq IA, and sud-

den onset of sleep in patients with PD.?°

Another genetic study
showed a significant association between sleep attacks without
warning signs and the dopamine receptor D4*2 (short) allele.”'
This pathophysiological mechanism would be consistent with
dysregulation of multiple dopaminergic pathways within the
basal ganglia, with wide-ranging implications for nonmotor

symptoms reported by patients with pD 1622

In the first case series of sleep attacks in patients with PD, it
was suggested that these symptoms resemble narcolepsy.” A case
report showed that narcolepsy and pergolide-induced sleep
attacks shared similar behavioral and electroencephalographic
characteristics.”> A genetic study showed a significant association
between the variant allele T of (-909T/C) preprohypocretin
polymorphism and sudden onset of sleep in patients with PD.**
Preprohypocretin is a precursor of hypocretin, and deficient
hypocretin neurotransmission in the lateral hypothalamus is a
probable cause of narcolepsy, suggesting that narcolepsy and
sleep attacks in the context of PD may share some genetic fac-
tors. The link between hypocretin-1 (orexin-A) neuron degen-
eration and sleep attacks in PD deserves further investigation,
because it has been reported that dopamine receptor stimulation
can modify neuronal activity of these neurons, suggesting that
there may be a link among neurodegeneration and dopaminer-
gic therapy. Moreover, the relative preservation of hypocretin-1
(orexin-A) neurons in PD may explain why these patients pres-
ent only some features of narcolepsy, mirroring narcolepsy
without cataplexy in which cerebrospinal fluid (CSF) hypocre-
tin-1 levels are not constantly reduced.®® Locus coeruleus
pathology has also been linked with REM sleep behavior
disorder in the context of PD.?® However, sleep-onset REM
phases, typically observed in narcolepsy, were not observed in 6
patients with PD with sleep attacks when taking dopamine
agonists.27 Moreover, modafanil, which is a first-line medication
for narcolepsy, was shown to be ineffective for sleep disorders
in the context of PD,* thus further questioning the similarity
between sleep attacks in patients with PD and narcolepsy.
Homann et al.® argued that sleep attacks in patients with PD
might not be a side effect of dopaminergic medication. First,
the occurrence of sleep attacks seems to lack a temporal associa-
tion with the peak level of the drugs. A survey showed that
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47% of the patients with PD had sleep attacks at any time of the
day.* Second, there is the possibility that sleep attacks lack a gen-
uine dose-effect relationship with the dopaminergic treatment.
The observed correlation between higher doses of medications
and sleep attacks® could, in fact, be an “epiphenomenon” of the
fact that more-advanced disease progression requires higher doses
of medication.® This possibility is supported by the results of
another study, which failed to identify any significant difference
in daily dose of L-dopa or dopamine agonists in patients with
PD and polysomnography (PSG) findings consistent with narco-
lepsy, compared to patients with PD alone.?’ Third, Homann
et al.® reported on a case in which sleep attacks occurred in the
absence of pharmacotherapy, suggesting that the pathological
process of PD itself, rather than dopaminergic medications,
might cause sleep attacks. This hypothesis is supported by the
observation that sleep attacks have not been reported in patients
with restless leg syndrome treated with dopamine agonists. How-
ever, a few years later, a case series of piribedil-induced sleep
attacks in 7 patients without PD was published.”® In addition, a
case series reported on 3 patients on L-dopa who had been trea-
ted with amphetamines for narcolepsy before developing PD.>!
With regard to the clinical characteristics of patients with PD
reporting sleep attacks, the reviewed studies suggest that these
symptoms can occur in a wide range of age groups (44-83 years
old), disease duration (2.5-13.0 years), and treatment duration
(1-48 months). Sleep attacks do not appear to be more prevalent
in one gender, and the presence of additional signs and
symptoms shows inconsistencies among the patients with these
symptoms. Approximately half of the patients reported somno-
lence preceding sleep attacks. Sudden onset of sleep was strongly
associated with use of dopamine agonists in patients younger
than 70 years and with disease duration inferior to 7 years.*?
Other risk factors include older age, male sex, longer disease
duration, and previous report of sleep disturbances. Daytime
somnolence and early arousals appear to be risk factors for irre-
sistible daytime sleepiness, whereas daytime napping and use of
benzodiazepines could have protective roles.'* A recent study
exploring the relationships among excessive daytime sleepiness,
nighttime sleep quality, and cognitive impairment in PD found
that daytime sleepiness, but not nighttime sleep problems, were
associated with cognitive impairment in patients with PD, espe-
cially in the setting of dementia and specific cognitive deficits.
The association between cognition and daytime sleepiness
deserves further investigations, given the fluctuating arousal states
observed in cases of PD with cortical Lewy body involvement.>?
In terms of assessment, a few standardized tests have been
used to predict the risk of sleep attacks in patients with PD tak-
ing dopaminergic medications. Three studies (n = 496) used the
ES score and were included in our meta-analysis, which failed
to show a significant difference between patients with PD on
dopaminergic medication with and without sleep attacks. It is
possible that the use of ES scale alone was insufficient to iden-
tify patients at risk of developing sleep attacks. PSG and multi-
ple sleep latency tests have been used in the reviewed studies to
diagnose sleep attacks in patients with PD on dopaminergic
medications. Twenty-one of the fifty-four patients treated with

L-dopa met the PSG criterion used to define narcolepsy: two or
more sleep-onset REM periods during five multiple sleep-onset
latency tests.”” This group of patients had significantly shorter
sleep latencies, compared to the other patients. However, only
a weak correlation was found between the severity of sleepiness
and ES score (R = —0.34). Patients with PD and sleep attacks
were also reported to have a higher proportion of microsleeps
and intentional naps.>* However, a study on 10 patients with
PD and sleep attacks did not show any significant difterence in
sleep latency, compared to 10 patients without any daytime
sleepiness matched by dopaminergic medication.®® Other instru-
ments have been used in the reviewed literature. For example,
an Inappropriate Sleep Composite Score of 1 had a sensitivity
of 52% and specificity of 82% for the identification of sleep
attacks,®® and patients with PD reported significantly higher val-
ues in the narcolepsy score of the Sleep Disorders Question-
naire.”’ No single test showed both good sensitivity and
specificity, and the use of multiple tests is recommended for the
assessment of patients with PD at risk of having sleep attacks.

With regard to management, the reviewed studies showed
that dose reduction or discontinuation of the oftending drug
were the two most effective strategies to resolve sleep attacks.
Similarly, according to an interview of 70 consecutive patients
with PD on dopamine agonists, irresistible daytime sleepiness
improved after changing the dosing schedule, reviewing the
amount of agonist per dose, discontinuing the agonist, or
accommodating the sleepincss.14 Moreover, switching treatment
to pergolide (a selective dopamine D1/D2 agonist) completely
resolved sleep attacks in 4 patients with PD previously treated
with other dopaminergic medications.” These findings suggest
that specific dopamine receptor profiles could be associated with
sleep attacks in patients with PD, in addition to the polymor-
phisms initially identified by human genetic studies.**'

Our systematic literature review has limitations. First, by
limiting our search to articles published in the English language,
we might have omitted some important articles. Second, in the
absence of agreed diagnostic criteria for sleep attacks in the con-
text of PD, in the present review, we have followed the classifi-
cation of sleep events proposed by Homann et al.> This could
have led to the involuntary omission of relevant patients with
ambiguous description of sleep events and to the inclusion of
patients misdiagnosed with sleep attacks according to nonstan-
dardized interviews and self-report questionnaires open to
responder bias. Third, most reviewed studies identified patterns
of association, rather than causal relationships, between sleep
disturbances and PD. Last, the present review might be prone to
publication bias, because most of the included studies reported

positive results.

Conclusions

The overall results of our systematic literature review provide a
prevalence figure of 13.0% for sleep attacks in patients with PD
taking dopaminergic medications. The presence of sleep attacks
could be associated with specific dopamine receptor profiles,
with initial findings from human genetic studies highlighting
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the role of dopamine D2 and D4 receptor gene polymorphism.
We found conflicting results on whether sleep attacks in the
context of PD resemble narcolepsy, with some studies showing
similar genetic, behavioral, and electroencephalographic charac-
teristics and others highlighting significant differences in REM
phases and treatment strategies. It has also been hypothesized
that the presence of sleep attacks could be related to the patho-
logical process of PD, rather than the dopaminergic treatment.
The demographic and clinical characteristics of patients with
sleep attacks showed a wide variation across the reviewed
studies. Further research is needed in order to explore the possi-
ble correlations between dopamine plasma levels, autonomic
parameters, and excessive daytime sleepiness. Likewise, future
studies should assess the prevalence of sleep attacks in patients
with different clinical forms of PD (e.g., akinesia/rigidity vs.
tremor) and in patients who are not on dopaminergic drugs.
Although the ES scale, PSG, and multiple sleep latency tests
have been used to investigate sleep attacks, no single test was
shown to be sufficient to correctly identify these symptoms in
isolation. Our meta-analysis on studies using the ES scale
showed no significant difference between patients with and
without sleep attacks. Further case-control trials and prospective
cohort studies are needed to shed some light on the causal rela-
tionships between sleep disturbances and PD. More prospective
trials should also be conducted to find out which types of
investigations have good sensitivity and specificity (>80%) in
order to correctly identify patients with sleep attacks. Finally,
randomized, controlled trials should be carried out to investigate
whether the identified management options (e.g., dose reduc-
tion and discontinuation of the offending drugs) are sate and
effective strategies to improve patients’ health-related quality

of life.
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